posed of six (Kv (4), LQT (23), and eag families (24)) K / channels are essential for a variety of cellular or four (TWIK family (14) open reading frame is contained in one unique exon.
open reading frame is contained in one unique exon.
The first inward rectifier K
/ channel was isolated A polymorphic (CA) 16 sequence was localized 2.2 kb from mouse macrophage (11). Since then, about 12 difupstream of the ATG start codon. Fluorescence in situ ferent inward rectifiers that belong to six different subhybridization on human metaphases assigns the gene families designated Kir 1 to 6 have been described (reto band 17p11.1. The implication of a deletion of the viewed in (6) ). Kir 1.1 is a subunit that generates a Kir 2.2 gene in the Smith -Magenis syndrome, which constitutively active K / channel that shows mild rectiis also localized at 17p11, is unlikely since a Kir 2.2-fication and is expressed predominantly in kidney. Sublinked microsatellite sequence could be amplified from units belonging to the Kir 2 subfamily (Kir 2.1, 2.2, 2.3) the DNA of a Smith-Magenis syndrome affected pa-give rise to currents that, like Kir 1.1, are constitutively tient bearing a 17p interstitial deletion. ᭧ 1997 Academic active but exhibit steep inward rectification. The subPress units of the Kir 3 subfamily give rise, upon heteromerization, to K / channels that are directly activated by the bg components of G proteins. The Kir 4.1 subunit K / selective channels represent the most diverse ion cloned from brain elicited K / current activated by hychannel class known, and numerous distinct members perpolarization with steep inward rectification. Anwere identified by electrophysiology in excitable and other subunit cloned from rat brain and called Kir 5.1 nonexcitable cells (18). At the molecular level, this di-has not been functionally expressed. Finally, the two versity is generated by the existence of a large family proteins of the Kir 6 subfamily are of particular interof pore forming proteins (a subunits) that can associate est, because they are likely to constitute the pore formwith auxiliary proteins (b subunits) to form a multi-ing subunits of ATP-regulated K / channels (1, 9). tude of K / selective channels. All a subunits share a The crucial role of K / channels is illustrated by very conserved region designated P, which is impli-the identification of a-subunit alteration in human cated in the pore formation (4) .
hereditary diseases. Mutations of the Kv 1.1 subunit Inward rectifier K / channels (Kir) constitute a par-are implicated in episodic ataxia (3) . Alteration in ticular class of K / channel that allows K / influx but KvLQT1 (23) and HERG subunits (5) are detected in little K / outflux. The functional subunits of Kir chan-Long QT cardiac arrhythmia syndromes. A missense nels have only two membrane-spanning domains (M1 mutation of the Kir 3.2 (GIRK 2 (13)) subunit has and M2) flanking the P pore region (6) , whereas other been detected in the weaver mice, which presents known mammalian K / channel a subunits are com-extensive neuronal degeneration in substantia nigra and cerebellum (16). This latter mutation occurs in the pore forming region and leads to electrophysio- No. U72759). To investigate the polymorphic nature of forebrain, cerebellum, and skeletal muscle (10), (21) the (CA) 16 sequence, primers flanking the repeat eleand mutations affecting this channel might also be inment were used to amplify this sequence from 28 unrevolved in neurons and muscle diseases.
lated on a 6% sequencing gel, vacuum dried, and autoradioging FISH was performed as previously described (17) . raphied. Five alleles were noted in the tested group, Briefly, 50 ng of the biotinylated cosmid (Bionick, and the heterozygosity was 0.41 (Fig. 2C) . Codominant Gibco-BRL, France) was denatured for 5 min at 70ЊC, inheritance of this genetic marker was observed in two reannealed with 20 mg of Cot-1 DNA (Gibco-BRL, families (data not shown). France) for 1 h at 37ЊC, and then incubated overnight
The relative position of this repetitive sequence to on metaphase spreads. Revelation of the signal was the Kir 2.2 gene was determined by long-range ampliperformed using avidin -fluorescein. Propidium iodide fication (Boehringer kit) performed on cosmid DNA and 4,5-diamino-2-phenylindole (DAPI) were added to with the four combinations of microsatellite and Kir antifade mounting medium for chromosomal identifi-2.2 gene forward and reverse primers. Elongation time cation. Slides were observed using a Zeiss Axiophot was 15 min, allowing amplification up to 20 kb. A microscope, and metaphases were analyzed using an unique amplification product of 3.5 kb was detected image processor (Perspective Scientific International, with Sat.f and Kir 2.2r oligonucleotides ( Fig. 2A, right) . Chester, UK). Fluorescent signals were observed in the The identity of the amplified product was verified by 17p11.1 position (Fig. 1 ) on 20 metaphases from three restriction analysis and hybridization with mIRK2 unrelated healthy donors (two males and one female). cDNA (data not shown). As the Kir 2.2 gene coding An average of 75% of the chromosomes 17 were labeled sequence is 1.3 kb, the repetitive sequence lies 2.2 kb on both chromatids, and 25% were labeled on one chro-upstream of the ATG start codon (Fig. 2B) . matid only. A few fluorescent spots were occasionally
The Smith-Magenis syndrome (SMS) was described observed at locations other than 17p11.1, but since they in 1986 (20) as a new and distinct syndrome involving were randomly distributed, always on one chromatid an interstitial deletion of 17p11. A single deletion of a only and with a lower fluorescence intensity than the portion of 17p11.2 of one of the two chromosomes was 17p11.1 signal, they were interpreted as background. associated with a strikingly similar phenotype including
The exon-intron structure of the gene was then in-brachycephaly, midface hypoplasia, prognathism, hoarse vestigated by PCR amplification of the Kir 2.2 open voice, speech delay with or without hearing loss, and reading frame with one forward primer situated in the psychomotor and growth retardation. To confirm Kir 2.2 5-untranslated region of cDNA (Kir 2.2f: 5-GCACGA-gene localization and test for possible implications in GGCCTGGAGCTA-3) and one reverse oligonucleotide SMS, the presence of the Kir 2.2 gene linked microsatelspanning stop codon (Kir 2.2r: 5-TCAGATCTCTGA-lite sequence was examined in somatic human-hamster CTCCCG-3 ). The amplification performed on the cos-hybrid cell lines bearing normal and deleted human DNA mid DNA generates a 1.3-kb fragment ( Fig. 2A, left) , from the 17p region. The repetitive sequence, which is the size of which is identical to that expected from hKir well amplified with control cosmid DNA (Fig. 3, lane 5 contain the 17q11.2-p13 region (Fig. 3, lanes 2 and 3) .
The DHA4 cell line was established from a SMS patient with an interstitial deletion in the 17p11.1-p11.2 These data are in accordance with the FISH assignment region (Fig. 3) 11. Kubo, Y., Baldwin, T. J., Jan, Y. N., and Jan, L. Y. (1993) . Prisequence is easily detected in this cell line, it is unlikely mary structure and functional expression of a mouse inward that a deletion of the Kir 2.2 gene is responsible for rectifier potassium channel. mice implicates membrane excitability in granule cell differentiation. Nature Genet. 11: 126-129.
